For quality control purpose, an approach of combining chromatographic fingerprint of Huaijiao pill (HP) and simultaneous determination of its major bioactive components was developed using high performance liquid chromatography coupled with diode array detector (HPLC-DAD). For fingerprint analysis, 16 peaks were selected as the characteristic peaks to evaluate the similarities of different samples collected from different batches of three manufacturers. The similarities of 17 Huaijiao pill samples were beyond 0.966, indicating that samples from different batches and manufacturers were, to some extent, consistent. Additionally, simultaneous quantification of seven bioactive markers, namely sophoricoside, baicalin, naringin, genistein, rutin, quercetin and 5-O-methylvisammioside, in HP was performed to interpret the quality consistency. The validation of the proposed approach was acceptable, with the accuracy of 90.2%-106.9% in recovery test. The intra-day and inter-day precisions of the method were evaluated and the RSD values were less than 2.81%. The results from the quantitative data showed that the contents of six marker compounds (except for 5-O-methylvisammioside) were quite consistent between batches produced by one manufacturer and significantly distinctive among different manufacturers. The proposed approach was expected to be developed as a powerful tool for the quality control of HP.
Introduction
Huaijiao pill (HP), an ancient traditional Chinese medicine (TCM) widely used across China, is prepared from six Chinese medicinal herbs including Sophorae Fructus (Sophora japonica L.), Sanguisorbae Radix (Sanguisorba officinalis L.), Scutellariae Radix (Scutellaria baicalensis Georgi), Aurantii Fructus (Citrus aurantium L.), Angelicae Sinensis Radix (Angelica sinensis (Oliv.) Diels) and Saposhnikoviae Radix (Saposhnikovia divaricata (Turcz.) Schischk). It is commonly applied in clinical practice for the treatment of hematochezia, edema and carbuncle caused by haememorrhoids through clearing heat in bowels and dispelling wind, cooling blood for hemostasis, eliminating swelling and easing pain [1] . Moreover, HP is reported to treat hypertension, chronic pharyngitis and acne, and satisfactory effects were obtained [2] [3] [4] . Modern pharmacological studies have demonstrated its efficacy in inhibiting anti-Lea agglutinin, stopping bleeding, anti-tumor, anti-inflammation, antiaging and antiatheroscloresis [5] [6] [7] [8] . According to Chinese medicine therapy, Sophorae Fructus is the principal component of HP [9] . According to modern pharmacological researches, the efficacy of Sophorae Fructus is associated with its flavonoides including sophoricoside, rutin, genistein and quercetin. Sophoricoside, the main bioactive constituent of Sophorae Fructus, shows inhibitory effects on chemical mediators involving in inflammatory response. It was identified as a selective inhibitor of cyclooxygenase (COX)-2 activity [10] . Meanwhile, sophoricoside and genistein (well known as a phytoestrogen of soy products, and were reported to prevent cancer and osteoporosis) exhibit inhibitory effects on proinflammatory cytokines, IL-5, IL-3, granulocyte-macrophage colonystimulating factor (GM-CSF) and IL-6 bioactivities [11] . All these supplementary herb components provide a therapeutic function via synergistic effects with the principal drug.
Unlike the synthetic drugs, TCMs exert the curative effects based on the synergic effects of their multi-components. More than 100 manufacturers produce HP across China. The composition of these herbs can vary depending on geographical source, cultivation conditions, harvest time, storage, and pretreatment. However, only three bioactive components of it, i.e., sophoricoside, naringin and baicalin, have been determined through officially conducted quality control of HP presently [1] . Anaphylactic reaction reported is induced by taking HPs [12, 13] . Therefore, an integral quality control approach based on the multiple constituents of HP is urgently needed to ensure the efficacy and safety of the drug. Fingerprint has been internationally accepted as an efficient technique over the last two decades for the authentication and Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/jpa www.sciencedirect.com quality control of TCMs [14, 15] . Chromatographic fingerprint technique can be used to characterize both the marker compounds and the unknown components in a complex system, a strategy recommended to assess the quality and consistency of botanical products by the State Food and Drug Administration of China (SFDA), the European Medicines Evaluation Agency (EMEA), and the US Food and Drug Administration (USFDA) [16] [17] [18] . However, fingerprint is insufficient to control the overall quality of TCMs since it cannot quantitate bioactive constituents which are directly related to the quality of the TCMs [19, 20] . Recently, some methods combining chromatographic fingerprint and quantitative determination have been developed and validated for quality control of herbal preparations [21, 22] . So far, several approaches have been developed for the determination of the bioactive constituents of HP, such as high performance liquid chromatography (HPLC) [23, 24] . However, to the best of our knowledge, quality control approaches, which have been published, are mainly focused on constituents in one or two of the six Chinese medicinal herbs in HP [25] [26] [27] . In HP, sophoricoside, baicalin, naringin, genistein, rutin, quercetin and 5-O-methylvisammioside are generally considered as the bioactive components, and their determinations are respectively well-documented. We report, for the first time, a combinative method using HPLC for fingerprint and simultaneous quantitation of seven major bioactive constituents in HP. Meanwhile, the combinative method can be readily utilized as a comprehensive quality control approach for the TCM formula as well.
Experimental

Materials and chemicals
Seventeen samples of Huaijiao pill from three manufacturers were collected: S1-S7 (sample 1, S1; the abbr. of other samples were similar) were from Chongqing TongJunGe Pharmaceutical Co., Ltd, Taiji Group, Chongqing, China; S8-S15 were from Chongqing Second TCM Co., Ltd, Taiji Group, Chongqing, China; S16 and S17 were from Wuhan TaiFu Pharmaceutical Co., Ltd, Wuhan, China. All the samples were water-honeyed pills. Chemical standards of sophoricoside, baicalin, genistein, rutin, quercetin and 5-O-methylvisammioside were purchased from the National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China), and naringin was obtained from Fluka BioChemika (Switzerland). Acetonitrile and methanol of HPLC grade were purchased from Dikma Technology Inc.. Ultrapure water was obtained from Southwest Institute of Technical Physics, Chengdu, China. All other chemicals and reagents were of analytical reagent grade and used without further purification.
Apparatus and chromatographic conditions
Instrument for analysis was a Shimadzu LC-20A module consisting of an LC-20AB binary pump, a DGU-20A3 degasser, a CTO-20A thermostatted column compartment and an SPD-M20A UVvis diode array detector (Shimadzu, Japan). HPLC fingerprints and quantitative determinations were performed with LC solution software (Shimadzu, Japan). The chromatographic separation was carried out on a Dikma Diamonsil C 18 and 52-57 min, linear gradient 100%-0% B at a flow rate of 1.0 mL/ min. The UV absorbance was monitored at 254 nm using DAD. All injection volumes of sample and standard solutions were 10 μL.
Preparation of sample and standard solution
1.0 g of HP powder was extracted by ultrasonication for 45 min with 20 mL of solvent (70% ethanol-glacial acetic acid (80:1, v/v)) in a 50 mL conical flask with cover. The extract was cooled to room temperature, adjusted the weight back to the pre-extractioin weight with solvent, and then centrifuged at 10,000 rpm for 10 min. 2 mL of supernatant was transferred to a 10 mL volumetric flask, and then methanol was added to the scale and shaken evenly. The solutions were filtered with a 0.45 mm membrane filter prior to HPLC analysis.
Each standard was accurately weighed and dissolved in methanol to produce standard stock solution. A mixed standard stock solution was then prepared in methanol from the individual For the regression equation, Y ¼ aX +b, Y is the peak area while X is the concentration (μg/mL).
Table 2
Results of intra-and inter-day precisions and repeatability (n¼ 6).
Analyte Precision Repeatability
Intra-day Inter-day Mean (μg/mL) standard stock solutions. And various standard solutions were obtained through diluting the stock solution to a series of concentrations in order to construct the calibration curves. All the standard solutions were stored in a refrigerator at 4°C and brought to room temperature before analysis.
Preparation of negative control solution and unilateral sample solution
According to the proportion and the preparation technology of the prescription, the negative sample was prepared without Sophorae Fructus, Scutellariae Radix and Aurantii Fructus. Then, the negative control solution was prepared in accordance with the preparation method of the test solution in Section 2.3. Similarly, six solutions of the unilateral sample were prepared respectively.
Method validation 2.5.1. Specificity
The specificity test was performed by analyzing the negative control solution, and then compared its chromatogram with those of the mixed standard solution and the sample solution.
Linearity, limit of detection (LOD) and limit of quantification (LOQ)
The linearity study was achieved by diluting stock solution into a series of concentrations. The calibration curves were constructed with six concentrations in triplicate. Calibration curves for all the compounds were generated by plotting the integrated chromatography peak area (Y) versus the concentrations (X, μg/mL) of the mixed standard solutions. Results were expressed as the values of the correlation coefficient (r 2 ). LOD and LOQ were calculated by diluting the standard solution when signal-to-noise ratios (S/N) of analytes were almost 3 and 10, respectively.
Precision, repeatability and accuracy
Intra-and inter-day precision tests were performed by analyzing sample solutions (S1) during a single day (n ¼6) and on six different days (n ¼3), respectively. For repeatability test, six independent sample solutions (S1) were prepared by the same procedure noted in Section 2.3. An accurately known amount of the corresponding marker compounds at three concentration levels (0.5, 1.0 and 1.5 times of the concentration) was spiked into a previously analyzed HP sample solution (S1), and three concentration levels of solutions were prepared and then analyzed. Recovery tests were performed by comparatively analyzing spiked and unspiked samples. Relative standard deviation (RSD) was used to describe precision, repeatability and recovery.
HPLC fingerprints
Similarity calculation of the HPLC fingerprints
All determinations were carried out in triplicate, and the data were analyzed by the Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine software (Version 2004 A) which was developed by the Chinese Pharmacopoeia Committee. The median method was chosen to fit the fingerprint chromatograms and the correlation coefficient was employed to evaluate the similarity.
Assignment of the 16 characteristic peaks of the HPLC fingerprint
Chromatograms of six unilateral sample solutions were compared with the sample fingerprint chromatogram, respectively. And the 16 characteristic peaks of the HPLC fingerprint were individually assigned to the corresponding herbs.
Results and discussion
Optimization of HPLC chromatographic conditions
HPLC conditions including mobile phase and detection wavelength were investigated to optimize chromatographic separation. The effect of mobile phase composition on chromatographic separation was investigated, using methanol-0.05% phosphoric acid, acetonitrile-0.2% acetic acid, and acetonitrile-0.05% phosphoric acid, respectively. Finally, the proposed mobile phase of acetonitrile-0.05% phosphoric acid (v/v) had the most effective HPLC result.
The wavelength of the target compounds in HP was selected by a DAD full wavelength scan (190-400 nm). Most chemical constituents in HP had strong UV absorbance at 254 nm. Therefore, 254 nm was chosen for obtaining the HP fingerprints. Meanwhile, the maximum absorption wavelengths, 260 nm (for flavonoides including sophoricoside, genistein, rutin and quercetin), 277 nm (for baicalin), 283 nm (for naringin) and 293 nm (for 5-O-methylvisammioside), were selected for the detection, respectively. Optimal HPLC condition used in this study is shown as follows. The mobile phases were composed of mobile phase A (acetonitrile-0.05% phosphoric acid (95:5, v/v)) and mobile phase B (acetonitrile-0.05% phosphoric acid (20:80, v/v)) with a gradient program. The UV absorbance was monitored at 254 nm using DAD. All injection volumes of sample and standard solutions were 10 μL.
Optimization of extraction conditions
Optimization of extraction conditions was investigated through single factor experiment. Sample pretreatment conditions were optimized by investigating the effect of extraction solvents and methods on the extraction efficiency of chemical markers used for HPLC fingerprinting and quantification. 70% ethanol-glacial acetic acid (80∶1, v/v) was found to be the most effective solvent for extracting more compounds based on the HPLC results.
Extraction methods including ultrasonication and heat-reflux were then investigated for extraction efficiency using 70% ethanolglacial acetic acid (80∶1, v/v) as the extraction solvent. The results showed that the extraction efficiencies of the two techniques were comparable, and ultrasonication was chosen because of its simple and rapid performance.
Then, the ratio of sample-extraction solvent with 1 g∶10 mL, 1 g∶20 mL, 1 g∶40 mL was studied respectively, and a ratio of 1 g∶20 mL was selected according to the HPLC results, which was economic and environmental friendly. Extraction time under ultrasonication was also tested, and the results showed that all the marker compounds were extracted within 45 min, and that longer period of ultrasonication did not increase the contents significantly. The optimal extraction conditions for HP used in this study are detailed as follows. 1.0 g of HP powder was extracted by ultrasonication for 45 min with 20 mL of solvent (70% ethanolglacial acetic acid (80∶1, v/v)) in a 50 mL conical flask with cover. The extract was cooled to room temperature, adjusted the weight back to the pre-extractioin weight with solvent, and then centrifuged at 10,000 rpm for 10 min. 2 mL of supernatant was transferred to a 10 mL volumetric flask, and then methanol was added to the scale and shaken evenly. The solutions were filtered with a 0.45 mm membrane filter prior to HPLC analysis.
Method validation 3.3.1. Specificity
No interfering peaks were observed in any chromatograms of the negative control solution compared with the sample solution and the mixed standard solution at the same retention time.
Linearity, LOD and LOQ
As shown in Table 1 , acceptable results of the regression analysis, the correlation coefficients (r 2 ), LOD and LOQ were obtained for all the analytes. The LOD and the LOQ were in the range of 0.005-0.303 μg/mL and 0.017-0.954 μg/mL for all the analytes, respectively. DAD detections have acceptable linearity beyond 0.9995.
Precision, repeatability and accuracy
For precision test, statistical data showed that the RSD values of six compounds (except that 5-O-methylvisammioside was not detected in sample solutions under the optimized method. One possible explanation was that its content was far too low.) were in the range of 0.34%-1.36% for intra-day precision and 0.79%-2.81% for inter-day precision. The RSD values of repeatability were less than 2.41% (Table 2) . For recovery test, mean recoveries of the seven standard substances were between 96.1% and 101.0%, with RSD values less than 1.35% (n¼ 9) ( Table 3 ). These validation results described above indicated that the developed method is acceptable.
Quantitative determination of the seven marker compounds in HP
In this study, the proposed HPLC-DAD method was successfully applied to the simultaneous determination of the seven markers in HP samples. The identity of the marker compound peaks in the chromatogram was confirmed by their retention time and their DAD profiles. The contents of the marker compounds in 17 samples from three manufacturers are summarized in Table 4 . Significant variances among the contents of the same markers were observed from different samples. For example, the highest content of baicalin was 10.38 mg/g in sample S7 and the lowest (3.44 mg/ Table 5 The relative retention time (RRT) of 16 characteristic peaks for 17 HP samples. Sample no.
Peak no. g) in sample S8. The concentrations of the analytes were in the order of baicalin4 sophoricoside 4 rutin 4 genistein 4quercetin, determined in samples S1, S2, S3, S4, S5, S6, S7 (S1-S7 were obtained from one manufacturer), S16 and S17 (these two samples were from the same manufacturer). However, the order (sophoricoside 4baicalin 4 naringin4rutin 4genistein 4querce-tin) was different in samples S8, S9, S11, S12, S13 and S14 which were produced by the same manufacturer. Moreover, naringin was only detected in samples S1, S8, S9, S10, S11, S12, S13 and S14. These data suggested that the batch-to-batch consistency of HP was good under the same manufacturing conditions, which were consistent with results from the chromatographic fingerprints. However, the content of each marker determined between manufacturers, was significantly different with RSD values of 12.83%-64.87%, indicating the large variations in their quality. A possible explanation of the result is that the herbal materials and manufacturing processes applied by manufacturers are quite different. It is noteworthy that chromatographic fingerprints may not fully monitor the quality consistency. Therefore, more attention should be paid to quality consistency of HP to ensure its clinical efficacy. Our results accorded with the previous studies. Compared to chromatographic fingerprint alone, chromatographic fingerprint combined with quantitative techniques for determining marker compounds is a better tool for quality consistency evaluation of herbal preparations [22, 28, 29] .
3.5. HPLC fingerprints 3.5.1. Evaluation of the HPLC fingerprints Chromatographic fingerprints were generated for 17 HP samples from three manufacturers, and 16 peaks were found in each individual sample (Fig. 1A) . A simulative median fingerprint was generated by the professional software by analyzing all the 17 samples (Fig. 1B) . The simulative median chromatogram of HP had 16 well-resolved "characteristic peaks". Sophoricoside (peak 11) was an important bioactive component of HP with a consistently high content and a suitable retention time, so peak 11 was chosen as the reference peak to calculate the relative retention time (RRT) and relative peak area (RPA). RRT and RPA of the 16 characteristic peaks in 17 samples are shown in Table 5 and Table 6 .
Chromatographic profiles were generally consistent although the absorption intensity of some peaks and the number of peaks were slightly different for some samples. The similarity of each chromatograph against simulative median chromatogram was calculated: the similarities of S1-S17 were 0. 
Assignment of the 16 characteristic peaks of the HPLC fingerprint
To determine which herb each compound originated from, a comparative study was conducted using the individual extracts of six herbs. In the light of comparisons, the results of this study are as follows: Peaks marked with 1 and 7 were from Sanguisorbae Radix; peaks marked with 2, 3, 4, 5, 6, 8, 9 10, 11 and 14 were from Sophorae Fructus; and peaks marked with 12, 13, 15 and 16 were from Scutellariae Radix. Moreover, naringin was from Aurantii Fructus and quercetin was from Sophorae Fructus.
Conclusions
The proposed HPLC fingerprint method combined with quantitative analysis is an efficient and comprehensive tool for quality consistency evaluations of HP. HPLC fingerprint of the chromatographic profiles could serve as the preferred tool for quality consistency of HP by similarity comparison. Furthermore, simultaneous quantification of seven marker compounds from each individual herbal present in HP can be carried out in a single HPLC chromatogram, and used as a supplemental tool for quality consistency evaluation. To the best of our knowledge, this is the first report for both the fingerprint of HP and simultaneous determination of its seven major bioactive components. Overall, this study sets a good example for quality consistency evaluation using a combination of HPLC fingerprint and quantitative analysis. 
